The oral antiestrogen tamoxifen has demonstrate-lff-cacy in the treatment of metastatic breast cancer and as adjuvant therapy in early-stage disease. Clinical trials of tamoxifen in chemoprevention of breast cancer among high-risk women have focused attention on potential adverse effects of long-term tamoxifen use, including the possibility of ocular toxicity. This review evaluates the published case reports, clinical series, and clinical trial data on ocular toxicities attributed to tamoxifen. Clinical issues of surveillance, differential diagnosis, and management of tamoxifen-related eye disease are discussed.
TAMOXIFEN is an oral antiestrogen that is commonly used in the treatment of advanced breast cancer and as adjuvant therapy following surgical resection of early-stage disease. Observations from adjuvant clinical trials that tamoxifen decreased the occurrence of new cancers in the contralateral breast have led to implementation of a large randomized clinical trial to test the drug's efficacy in preventing breast cancer among women at increased risk. ' An association between tamoxifen and ocular disease was first recognized in 1978, with four case reports of ocular toxicity among patients receiving high-dose tamoxifen as treatment for metastatic breast cancer. 2 Since that time, case reports have suggested that ocular toxicity may occur at lower doses currently used as standard therapy,3-12 and one recent study found that the cumulative incidence of tamoxifen-associated eye disease may be as high as 6% in the latter setting.10 While the true incidence and severity of tamoxifenrelated eye disease is not known, widespread use of the drug in breast cancer patients emphasizes the need for TAMOXIFEN EYE DISEASE • deposits are often associated with macular edema, ie, the accumulation of fluid within the retinal cellular layers, and impaired visual acuity. Acuity may improve with resolution of the macular edema, but observations suggest that the number and size of retinal deposits do not change with cessation of tamoxifen. Changes in the retinal pigment epithelium (RPE) have also been described, both in central and peripheral areas. Isolated refractile deposits or a small number of deposits have been noted in patients receiving low daily and total doses of tamoxifen; these often occur without macular edema and may not be associated with changes in visual acuity. Corneal opacities described in patients receiving longterm tamoxifen include subepithelial deposits," 1 whorls, 2 and lines or linear opacities. 2 3 The whorl-like or linear subepithelial opacities, white to brown in color, are often bilateral and occur in the inferior and occasionally the central portions of the cornea. Subepithelial lines may appear as obliquely oriented brown streaks or discreet horizontal lines in the center of the cornea and may occur in both eyes. Corneal changes may improve or resolve with discontinuation of tamoxifen therapy. Case reports suggest that these changes are not clinically significant and that retinal toxicity is the primary cause of visual morbidity.
Lens changes, noted in three cases in Table 1 , consisted of bilateral mild to moderate nuclear sclerosis and/or subcapsular cataracts (anterior or posterior). It is unclear from the case reports whether lens changes were regarded as incidental age-related findings or were attributed to tamoxifen therapy.
The most common clinical abnormality among reported cases of symptomatic ocular toxicity was decreased central visual acuity, noted in 16 of 21 cases (76%). Ten of 16 patients with decreased acuity experienced improvement in their vision after tamoxifen was discontinued, although in one case the visual improvement was correlated with the resolution of a macular hemorrhage while the patient continued to receive tamoxifen. These findings are consistent with observations in 20 cases of tamoxifen-associated ocular toxicity reviewed by Szczesny and Steiner" 5 that deterioration of vision was the first symptom in 85% of cases and that both development of ocular toxicity and potential improvement in visual acuity may be related to total cumulative dose of drug. Initial reports of tamoxifen-associated ocular toxicity occurred in patients receiving high daily doses of tamoxifen for longer than 1 year and total cumulative doses of greater than 100 g. 2 Subsequently, three additional cases of toxicity at cumulative doses greater than 100 g have been reported. Intraretinal crystals were noted in all seven of these cases, macular edema was observed in six of seven, and comeal opacities were described in three patients. Findings among patients who received total cumulative doses less than 100 g have been less consistent. The variability of findings among reported cases suggests either that tamoxifen toxicity can be expressed in a highly variable fashion or that other diagnoses unrelated to tamoxifen must be considered. Interpretation of case reports that describe tamoxifen ocular toxicity is difficult, not only because of limited information in the published reports, but also because similar findings may be due to age-related eye disease or other common health problems or medications that are difficult to distinguish from true tamoxifen-related problems.
Cross-Sectional and Prospective Studies
Four small cross-sectional studies of women receiving conventional-dose tamoxifen for varying periods have addressed the prevalence or incidence of ocular findings associated with tamoxifen ( 
Experience From Adjuvant Clinical Trials
Prospectively collected information regarding ocular toxicity is available for 2,375 women who received tamoxifen alone or in combination with cytotoxic therapy in several large randomized clinical trials of adjuvant therapy for earlystage breast cancer 19 (Table 3) . Among 926 patients who received tamoxifen, 11 reported ocular symptoms (cumulative incidence, 1.2%), and four of the 11 had ocular findings: keratitis (n = 1), retinal abnormalities (n = 2), and cataracts (n = 1). Other ocular complaints (eg, conjunctivitis, tearing, and blurring) were more common among patients on chemotherapy, reported by 5.2% (77 of 1,486) of those receiving cytotoxic therapy alone and 3.5% (51 of 1,499) of those receiving tamoxifen plus cytotoxic therapy. Similar complaints occurred in only 0.8% (seven of 926) of patients who received tamoxifen alone and in 0.7% (seven of 941) of patients who received placebo. These data suggest that ocular complaints are more frequent among patients who receive chemotherapy, alone or in combination with tamoxifen, and that there is little difference in ocular symptomatology between patients who receive tamoxifen alone and those who receive no treatment (observation or placebo controls).
PATHOGENESIS AND DIAGNOSIS OF TAMOXIFEN OCULAR TOXICITY

Pathophysiology
Little is known about the pharmacodynamics of tamoxifen and its metabolites in ocular tissues. Trace or unde- Abbreviations: TAM, tamoxifen; CTX, cytotoxic chemotherapy; No RX, no treatment (observed control or placebo).
*Includes conjunctivitis, tearing, blurring, swollen eyes, and nondefined complaints or symptoms. tectable amounts of tamoxifen and its metabolite N-desmethyltamoxifen (< 1% of serum concentrations) have been detected in CSF from patients receiving 20 to 40 mg/d, 20 ,2' which suggests that neither the protein-bound drug or the highly polar-free drug cross the blood-brain barrier easily at usual doses. However, analyses of brain metastases and adjacent brain tissue from patients with breast cancer have shown concentrations of tamoxifen and its metabolites up to 46-fold higher than in serum. 22 The ability of tamoxifen to concentrate in CNS metastases is consistent with clinical observations of remission of brain metastases from breast cancer among some patients receiving tamoxifen therapy 2 3-25 and has been attributed to the apparent absence of the blood-brain barrier in newly growing tumor vessels.
26 Disease stabilization and tumor regression have also been reported in patients with intracranial malignant gliomas who received tamoxifen following failure of other therapy. 27 -29 This effect has been attributed to tamoxifen's ability to inhibit protein kinase C at micromolar concentrations and to the marked in vitro sensitivity of glioma cell lines to protein kinase C inhibition. 3 o Case reports in breast cancer patients of stabilization of optic nerve head metastases and reduction in the size of retinal metastases with tamoxifen therapy 31 suggest that the drug does penetrate the choriocapillaris and is exposed at least to the basal surface of the pigment epithelium. The extent of penetration into the retina and the vitreous is unknown and may vary in the presence of other conditions such as age-related macular disease and vascular disorders.
While the pathophysiology of retinal changes associated with tamoxifen is unclear, clinicopathologic correlation of clinical signs with histopathologic findings reported by Kaiser-Kupfer et a1 32 indicate that the formation of the crystalline retinal deposits may be related to axonal degeneration. The intracellular location of the retinopathic lesions in the nerve fiber and inner plexiform layers of the retina, their similarity to nerve synapses by electron microscopy, and the demonstration of glycosaminoglycans in the deposits by histochemical methods support this concept. Tamoxifen is structurally similar to other drugs with well-known retinal effects, including chloroquine 33 34 chlorpromazine,3 thioridazine, 36 ' 37 and tilorone. 38 Ultrastructural lesions associated with these agents may appear as lamellated or crystalloid inclusions in the neuroretina or as crystalloid bodies in the RPE. These amphiphilic compounds contain both a hydrophobic aromatic ring and a hydrophilic side chain with a positively charged nitrogen atom and are postulated to bind with polar lipids, inhibiting normal catabolism of the lipids and resulting in the accumulation of drug-lipid complexes in lysosomes.3940 Lullman and Lullman-Rauch41 have demonstrated the development of a generalized lipidosis in rats treated subchronically with very-high-dose tamoxifen (100 to 130 mg/kg); the degree of lipidosis was dependent on the dose and duration of treatment. Imperia et a142 hypothesized that retinal deposits described in patients who received long-term tamoxifen are formed by mechanisms similar to those associated with other amphiphilic agents, although the lesions examined by Kaiser-Kupfer et al32 did not stain for lipid material. Keratopathy has been reported with amiodarone,43 chloroquine,33 chlorpromazine, 35 tilorone, 38 and triparanol (MER 29). 44 The corneal lesions associated with these drugs are characterized as whorl-like distributions of intraepithelial opacities (verticilliate keratopathy), dot-like subepithelial deposits occasionally condensing into fine linear patterns, or diffuse clouding of the epithelium and anterior stroma. The deposits consist of lysosomal inclusions in the cytoplasm of the cells and are regarded as a manifestation of drug-induced lipidosis similar to the retinal lesions produced by many of these amphiphilic compounds. While cataracts have been reported infrequently among patients who receive tamoxifen, lens changes have been observed in rats that received tamoxifen for long-term (2-year) toxicity studies. 45 Crescentic cataracts were significantly increased among animals in the high-dose (35 mg/ kg) group, but only slightly increased in those who received lower doses (5 and 20 mg/kg). Few posterior suture cataracts and anterior lines were noted with increasing dose, and multiple zones of discontinuity (changes in refractive index) appeared at earlier onset as dose increased. Recently, Zhang et a1 46 demonstrated that tamoxifen induces opacity in bovine lenses cultured in medium that contains concentrations of drug similar to serum levels achieved by usual doses. They postulate that tamoxifen's ability to inhibit cellular chloride channels contributes to cataract development by blocking these channels, which are necessary to maintain normal lens hydration and transmittance. However, without information regarding the presence of tamoxifen or its metabolites in the aqueous, it is difficult to conclude that tamoxifen poses a significant risk for cataract formation. The observed reversibility of tamoxifen-related visual complaints suggests that the daily dose and duration of therapy may be more strongly associated with the ocular changes than the total or cumulative dose of tamoxifen, ie, low doses that do not exceed the body's ability to metabolize and excrete the drug may be tolerated for longer periods without retinal complications than larger doses that achieve much higher blood levels. This is consistent with the observation that the most striking cases of tamoxifen-associated retinopathy occurred in patients who received doses of at least 180 mg/d (Table 1) , which could potentially enhance drug levels in the CSF and CNS tissues.
Differential Diagnosis
Because the incidence of breast cancer increases dramatically with age, interpretation of ophthalmologic findings in breast cancer patients who receive tamoxifen may be confounded by age-related eye disease or by ocular changes that complicate common medical problems such as diabetes and vascular disease.
Retinal changes attributed to tamoxifen are similar in appearance to findings in other rare and common retinal disorders. Age-related macular degeneration (maculopathy) is the leading cause of severe visual loss in persons over age 50, an age group that frequently receives longterm tamoxifen as adjuvant therapy for breast cancer. Early (nonneovascular) stages of age-related macular degeneration may be characterized by hard drusen associated with localized RPE abnormalities, soft drusen with generalized RPE dysfunction, and geographic atrophy. These fundus changes may predispose to the development of neovascular and exudative stages with irreversible central visual impairment. 47 The round, discrete yellowishwhite deposits of hard drusen with associated pigmentary or trophic changes in the RPE may be mistaken for tamoxifen-related retinal changes on cursory examination. For example, macular degeneration was associated with drusen and/or peripheral reticular degeneration in three cases listed in Table 1 . Diabetic retinopathy, idiopathic preretinal membranes, and idiopathic macular cysts or impending macular holes may be possible explanations for the findings in a number of these reports. Intraretinal exudates and macular edema may also occur with chronic nonischemic small-vein occlusions, in optic neuritis, or from idiopathic juxtafoveal telangiectasia.
Retinal lesions similar in appearance to those associated with tamoxifen may also occur with inherited metabolic disorders such as oxalosis, 48 nephropathic cystinosis, 49 Bietti's crystalline dystrophy, 50 Sj6gren-Larsson syndrome," and Alport's syndrome. 52 However, retinal changes are usually a late complication or an incidental finding in patients with systemic manifestations of the underlying metabolic disorder and an established diagnosis of the hereditary disease.
Other conditions with crystal-like retinal lesions include talc embolism 5 3 and canthaxanthin retinopathy. 54 Talc retinopathy is characterized by yellow-white intraarteriolar particles scattered in the paramacular area; these lesions represent emboli of talc particles to the reti-nal circulation, which may occur when oral medications with talc fillers are dissolved for intravenous injection. Macular edema and dot-or flame-shaped retinal hemorrhages may accompany the arteriolar occlusion in some patients. Ingestion of canthaxanthin, a widely accepted orange food color, to produce a suntanned appearance may result in retinal deposition of glistening yellow particles, predominantly in superficial retinal layers around the macular depression. The retinal deposits are related to dose of canthaxathin, rather than to duration of treatment; however, the lesions may occur without intentional drug ingestion among individuals who are highly sensitive to canthaxathin as a food additive." 5 Heier et al" 8 emphasized the challenge of differentiating suspicious lesions from refractile crystals of tamoxifen retinopathy. Calcified drusen, reflections off the limiting membrane, and small epiretinal membranes were the most common findings initially identified as suspicious refractile macular lesions in their large cross-sectional study of asymptomatic patients. They suggest contact lens biomicroscopy to facilitate identification of these mimicking lesions.
Corneal changes similar to those associated with tamoxifen may occur with medication use as described earlier, in asymptomatic carriers of Fabry's disease (an X-linked deficiency of alpha-galactosidase A), 56 and in map-dot-fingerprint dystrophy (anterior membrane dystrophy and Cogan's microcystic dystrophy). 5 The presence of whorl-like subepithelial deposits in the absence of potentially causative medications warrants screening for Fabry's disease before the finding is attributed to tamoxifen, as these characteristic corneal lesions are present in 70% of female carriers and may predate skin and visceral signs in affected individuals.
56
Subepithelial lines and opacities such as those reported in map-dot-fingerprint dystrophy may occur in greater than 40% of the general population and 75% of persons older than age 50, independently of ocular symptoms and recurrent corneal erosions." Brownish subendothelial deposits must be distinguished from iron deposition that occurs along the lower third of the aging cornea (Hudson-Stahli line), at the base of a keratoconus lesion (Fleisher's line), or at the junction of a pterygium (Stocker's line).
Recommendations for Women Currently Receiving Tamoxifen
Although the incidence and prevalence of tamoxifenassociated ocular toxicity appear to be low at usual doses of 20 to 40 mg/d, women receiving tamoxifen as treatment for breast cancer should have a complete eye examination before initiation of therapy to determine baseline visual function and document ocular findings that exist before tamoxifen exposure. Patients should be monitored carefully for visual complaints, and visual symptoms or clinical findings that develop during treatment should be fully evaluated.
The frequency for regularly scheduled ophthalmologic follow-up visits in asymptomatic patients receiving tamoxifen is unclear at present. For persons in the general population, the American Academy of Ophthalmology recommends a baseline comprehensive eye examination at approximately age 40 years followed by eye examinations every 2 to 4 years for adults ages 40 to 64 years and every 1 to 2 years for those -> 65 years.
58 However, they caution that the frequency of eye examination in the presence of acute or chronic medical disease or known risk factors for eye disease is widely variable. Annual ophthalmologic examinations for persons receiving tamoxifen is not inconsistent with these guidelines. The most sensitive methods to detect early toxic retinopathy have not been firmly established. Because the majority of tamoxifen's effects occur in the macular region of the retina, testing of retinal function should include clinical and subclinical aspects of macular vision. Experience in patients with retinopathy related to chloroquine and phenothiazine use indicates that electrophysiologic studies (electroretinograms and electrooculograms) and color plates are relatively insensitive at early stages, becoming abnormal when there is already significant disruption of the pigment epithelium and retina.
Static perimetry of macular function can detect focal or diffuse increases in visual thresholds due to retinal or optic nerve dysfunction. Sequential measurements using an automated perimeter provide a sensitive, quantitative approach to assess changes in retinal function over time. Because retinal toxicity rarely causes a homogeneous elevation in retinal thresholds, these visual-field tests can detect threshold inhomogeneities within the macula, even if there is a general threshold elevation due to corneal or lens opacities.
The Amsler grid is frequently used in patients with agerelated macular degeneration to detect subtle paracentral visual disturbances that indicate the development of subretinal neovascular membranes. Threshold Amsler testing allows the patient to adjust the threshold level of the visual target, which eliminates the confounding effects of lens and corneal opacities. Sophisticated quantitative hue and luminescence color matching may also provide early indications of macular dysfunction. The use of fluorescein angiography to detect retinal lesions should be discouraged unless there is clinical evidence of retinal thickening, intraretinal deposits, or retinal crystals. Other psychophysic tests of retinal function, such as glare recovery and quantitative macular photostress tests, are currently available in the clinical research setting.
While these studies may be highly sensitive in the detection of subclinical retinal dysfunction before impairment of visual acuity, their usefulness in the detection, evaluation, and monitoring of tamoxifen ocular toxicity has not been established. In addition, their findings are not specific for tamoxifen-related retinal changes. Thus, it is essential to exclude other common causes of macular dysfunction such as diabetic maculopathy, retinal vascular disease, and age-related macular degeneration before macular dysfunction is attributed to tamoxifen.
The findings reported by Heier et al" 8 suggest that small numbers of retinal crystalline deposits may be observed in asymptomatic patients without compromise of visual acuity and raises the question of whether such isolated deposits may be transitory. The need to discontinue tamoxifen in asymptomatic patients with limited ocular changes has not been established. The potential reversibility of changes in visual acuity developing at low total cumulative doses of tamoxifen has led some physicians to continue tamoxifen in these patients under careful ophthalmologic surveillance. 6 ', 0 ", ', 18 There is, at present, no evidence to suggest that macular degeneration predisposes to tamoxifen-related ocular toxicity or that its progression is accelerated by tamoxifen. Because of tamoxifen's demonstrated efficacy in controlling metastatic breast cancer and in preventing recurrence of early stage disease, women with macular degeneration should still consider taking tamoxifen on the advice of their physician. Routine ophthalmologic examinations in patients with macular degeneration or with other findings related to coexisting medical problems may be especially useful in following the progress of underlying disease while watching for changes potentially associated with tamoxifen therapy.
In conclusion, despite extensive oncologic experience with tamoxifen in breast cancer management, relatively few case reports of ocular toxicity have appeared in the medical literature. The most striking cases of retinopathy with macular edema have occurred in patients receiving high daily doses (Ž 180 mg/d) and achieving total cumulative doses of greater than 100 g tamoxifen, although refractile retinal crystals have been identified in asymptomatic patients on usual doses of 20 to 40 mg/d. The pathophysiology of retinopathy and keratopathy are unclear. Recent cross-sectional and prospective studies (including large randomized adjuvant therapy clinical trials) suggest that the incidence and prevalence of tamoxifen-related eye disease is low with drug doses in current use and that age-related eye disease and ocular complications of other medical processes may complicate its diagnosis. The visual disturbances and retinal changes associated with tamoxifen toxicity may be subtle, and it is not reasonable to expect a nonophthalmologist to detect early tamoxifen ocular toxicity. All physicians should be aware of the potential for ocular toxicity associated with tamoxifen and encourage baseline ophthalmologic evaluations and follow-up monitoring of any ocular complaints that arise during therapy.
